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摘 要 
    随着宽禁带半导体材料与器件技术的快速发展，基于宽禁带半导体的紫外探
测器有望取代传统的硅基紫外探测器。TiO2 材料主要吸收紫外辐射，对可见光几
乎不吸收，制备的探测器紫外光/可见光响应对比度较高，因此具有可见光盲和
高紫外探测灵敏度特性。另外，TiO2 材料制备工艺相对简单，适合用于制备成本
较低的紫外探测器。目前，TiO2 基紫外探测器的研究大多采用纯锐钛矿相和金红
石相的 TiO2 薄膜材料。对于纳米结构的 TiO2 薄膜材料和掺杂的 TiO2 基光电探测
器的制备及其性能还知之甚少，本研究工作的主要内容可以分为两大部分：一、
TiO2 纳米材料的制备；二、Nb 掺杂的 TiO2 材料的制备和基于 Nb 掺杂的 TiO2
光电探测器的研制及性能测试。 
   (1)在不同的水热温度和时间条件下制备 Na2Ti3O7 纳米结构。 实验发现水热
温度在 130 ºC -160 ºC 区间时，TiO2 粉末和 NaOH 溶液反应形成的纳米片受热卷
曲最终得到 Na2Ti3O7 纳米管，当水热反应的温度更高时（160 ºC -200 ºC）时，
水热反应产物为 Na2Ti3O7 纳米线。对 Na2Ti3O7 纳米管和纳米线进行酸洗处理，
随后在 350ºC〜550ºC 温度区间退火，发现酸性溶液处理的 H2Ti3O7纳米管和纳
米线转变为锐钛矿型 TiO2 纳米管和纳米线。在 550ºC -750ºC，锐钛矿 TiO2 纳米
管和纳米线进一步转化为锐钛矿TiO2纳米颗粒。当温度进一步增加到 950 ºC时，
锐钛矿 TiO2 纳米颗粒转变成金红石相纳米颗粒。结果表明，通过适当控制工艺
参数可以获得所希望的纳米结构 TiO2 晶相和结构。 
   (2) 利用脉冲激光沉积技术，在与 TiO2 晶体晶格匹配度较高的 LaAlO3 衬底上
制备 TiO2 和 Nb 掺杂 TiO2（A-TiO2：Nb）薄膜，XRD、Raman、TEM 等测试结
果表明制备的 TiO2 和 A-TiO2：Nb 薄膜为锐钛矿相。采用 Au 作为肖特基接触电
极分别制备基于 TiO2/LaAlO3 和 A-TiO2：Nb/ LaAlO3 的金属-半导体-金属(MSM)
紫外（UV）光电探测器。探测器的紫外-可见光透射光谱和响应谱测量表明，锐
钛矿型 TiO2 薄膜和 A-TiO2：Nb 薄膜都具有良好的可见光盲特性。纯锐钛矿型
TiO2 具有 3.25 eV 的光学禁带宽度， A-TiO2：Nb 薄膜光学禁带宽度为 3.52 eV，
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波长蓝移的原因可能是由于掺 Nb 之后引起的量子尺寸效应所致。  基于
TiO2/LaAlO3 紫外探测器在 5V 偏压下的暗电流密度是 0.42 nA/cm2，最高响应度
是 0.21 A/W。基于 A-TiO2：Nb/ LaAlO3 紫外探测器在 5V 偏压下的暗电流密度是
0.79 nA/cm2，最高响应度是 0.25 A/W。研究结果表明适当地掺入 Nb 可以使得吸
收边向短波方向移动，为了进一步制备日盲 TiO2 探测器提供了可能的依据。 
 
关键词：二氧化钛  纳米结构  脉冲激光沉积 Nb 掺杂 MSM 紫外光电探测器   
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ABSTRACT 
   As the grown technology develops rapidly, wide band gap semiconductor will 
replace Si for the fabrication of photodetectors. TiO2 nearly does not absorb visible 
light, which makes TiO2-based photodetectors show high sensitivity to UV/visible. 
What is more, the growth of TiO2 films is simple, which is beneficial to low UV 
photodetectors manufacture. At the moment, the reported TiO2 based UV 
photodetectors are mostly based on anatase and rutle TiO2 phase. Research on nano 
structure TiO2 and doped TiO2 based UV photodetectors are strongly desired. 
Therefore, the research work focused on two parts. The first is the fabrication of nano 
structure TiO2 and the second is the preparation of Nb doped TiO2 film with the Nb 
doped TiO2 based UV photodetectors, then the properties of the Nb doped TiO2 based 
UV photodetectors will be tested. 
    1. Na2Ti3O7 nanostructure were obtained from a sequence of processes from TiO2 
powders and reaction with NaOH at different temperatures and for different time. At the 
hydrothermal temperature between 130 ºC and 160 ºC, the titanium dioxide precursor 
reacts with NaOH to generate small and thin sodium titanate nanosheets, which tends 
to scroll up, finally leading to the formation of sodium titanate nanotubes. At higher 
temperature (160 ºC-200 ºC), the hydrothermal reaction results in large and thick 
sodium titanate sheets, which are further split into sodium titanate nanowires. Then 
The Na2Ti3O7 nanotubes and nanowires were washed with copious deionized water and 
hydrochloric acid. the nanotubes and nanowires obtained in the last progress were 
annealed at differrent temperatures for 1h. It found that the hydrogen titanate (H2Ti3O7) 
nanotubes and nanowires obtained from the acid solution are transformed to anatase 
titania (TiO2) phase at 350 ºC-550 ºC. The anatase TiO2 nanotubes and nanowires are 
further converted to the anatase TiO2 nanoparticles at 550 ºC -750 ºC. Further 
increasing temperature to 950 ºC, the anatase to rutile phase transformation occurs in 
the TiO2 nanoparticles. The results of the research indicate that the desirable 
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Crystallization and structure of nanostructure TiO2 can be obtained by controling the 
process parameters. 
    2. TiO2 and Nb doped TiO2 (A-TiO2: Nb) epilayers grown on lattice-matched 
LaAlO3 substrates were fabricated by pulsed laser deposition.The result of 
SEM,Raman and TEM indicate that the films obtained exhibit anatase phase. A 
prototype of metal-semiconductor-metal ultraviolet (UV) photodetector based on 
TiO2/ LaAlO3 and A-TiO2: Nb/ LaAlO3 films were fabricated by employing Au as 
the Schottky contact metal respectively. The UV-visible transmittance spectrum of 
the TiO2 epilayer and the spectral response of the photodetector reveal that the 
deposited pure anatase TiO2 and A-TiO2: Nb thin films exhibit excellent 
visible-blind UV characteristics, with optical bandgap of 3.25 eV and 3.5 eV, 
respectively. The blus-shift may due to the quantum effect. The PDs based on pure 
TiO2 exhibit a very low dark current density of 0.42 nA/cm2 at 5V and a high 
responsivity of 0.21 A/W. The dark current density and responsivity of The PDs 
based on A-TiO2: Nb/ LaAlO3 are 0.79 nA/cm2 at 5 V, 0.25 A/W, respectively. 
The results of the research indicate that the absorbtion edge could shift to short 
wavelength with Nb doping, which is benefit for the visible-blind TiO2 UV 
detector fabrication. 
 
Key words: TiO2; nanostructure; pulse laser deposition; Nb doped; MSM UV 
detector  
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